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IMAGE FORMING APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an image forming appara 

tus, and in particular, relates to an image forming apparatus 
that ?xes a coloring material-containing ink on a medium 
through reaction betWeen the ink and a treatment liquid, so as 
to form a desired image on the medium. 

2. Description of the Related Art 
In recent years, inkj et recording apparatuses have become 

Widespread as image forming apparatuses for forming images 
such as pictures and documents on media. An inkjet recording 
apparatus forms a desired image on a medium by ejecting ink 
droplets onto the medium from nozzles in heads While mov 
ing the heads relatively to the recording medium. 

Depending on the type of the medium and the types of the 
inks, a phenomenon of deposition interference may occur in 
Which an ejected ink droplet overlaps (contacts) at least part 
of another ink droplet already on the medium, Whereby the 
ink droplets become mixed together. Moreover, if the depos 
ited ink penetrates into the medium, then smearing or spread 
ing out of the dots formed may occur. To prevent image 
degradation due to such deposition interference and so on, an 
inkjet recording apparatus has been. proposed according to 
Which ink and a treatment liquid that can react With the ink are 
deposited onto a medium, and the ink and the treatment liquid 
are made to react With one another on the medium, Whereby 
deposition interference of the ink, and the like, are prevented 
(see, for example, Japanese Patent Application Publication 
No. 55-72234). 

Moreover, an inkjet recording apparatus has been proposed 
in Which an ultraviolet radiation-curable ink is used. After the 
ink has been deposited onto a medium, the ultraviolet radia 
tion-curable ink is irradiated With ultraviolet radiation, 
Whereby the ink is cured and ?xed (see, for example, Japanese 
Patent Application Publication No. 60-132767, and Japanese 
Patent Application Publication No. 2003-127517). 

HoWever, With a system in question tWo liquids, i.e. an ink 
and a treatment liquid, are mixed together, as described in 
Japanese Patent Application Publication No. 8-72234, if the 
mixing betWeen the tWo liquids is insuf?cient or the balance 
betWeen the tWo liquids is poor in places, then the curing of 
the mixture of the tWo liquids may be insuf?cient, and hence 
there is a possibility that the ink is not ?xed on the medium. 

Moreover, With a system in Which an ultraviolet radiation 
curable ink is used, as described in Japanese Patent Applica 
tion Publication No. 60-132767 or Japanese Patent Applica 
tion Publication No. 2003-127517, there is a possibility that 
deposition interference of the ink, or the like, may occur 
before the irradiation of the ultraviolet radiation is carried out, 
resulting in degradation of the image quality. 

SUMMARY OF THE INVENTION 

In vieW of the above circumstances, it is an object of the 
present invention to provide an image forming apparatus 
according to Which ink deposited onto a recording medium 
can be reliably cured and ?xed While deposition interference 
is prevented so that a desirable image can be formed. 

In order to attain the aforementioned object, the present 
invention is directed to an image forming apparatus compris 
ing: a ?rst liquid ejection device Which, While scanning to and 
fro in a direction substantially orthogonal to a conveyance 
direction of a recording medium, ejects a ?rst liquid contain 
ing a coloring material onto the recording medium; second 
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2 
liquid ejection devices Which are disposed respectively on 
both regions in a scanning direction outside the ?rst liquid 
ejection device, the second liquid ejection devices ejecting a 
second liquid onto at least an area of the recording medium on 
Which the ?rst liquid is to be deposited prior to the ?rst liquid 
being deposited While the second liquid ejection devices per 
form a scan together With the ?rst liquid ejection device; and 
?rst radiation irradiating devices Which are disposed respec 
tively on both regions in the scanning direction outside the 
?rst liquid ejection device, the ?rst radiation irradiating 
devices irradiating an area of the recording medium on Which 
the ?rst liquid and the second liquid have been deposited With 
a radiation While the ?rst radiation irradiating devices per 
form a scan together With the ?rst liquid ejection device, 
Wherein at least one of the ?rst liquid and the second liquid 
contains a radiation-curable polymerizable compound; and at 
least one of the ?rst liquid and the second liquid contains a 
polymerization initiator. 

According to this aspect of the present invention, in each of 
the scanning directions, the second liquid is ejected prior to 
the ?rst liquid, Whereby deposition interference is prevented. 
Moreover, irradiation of radiation is carried out immediately 
after the ejection of the ?rst liquid, Whereby the ?rst liquid is 
cured and ?xed promptly. As a result, a high-quality image 
can be obtained. 

Radiation-curable polymerizable (polymerization) com 
pounds that can be used can include substances Which are 
polymerized upon being mixed With the polymerization ini 
tiator and then radicals being generated from the polymeriza 
tion initiator through the irradiation of the radiation, and 
examples include radiation-curable polymers, radiation-cur 
able oligomers (prepolymers), and mixtures thereof. More 
over, the radiation referred to here may be ultraviolet radia 
tion, an electron beam, or other radiation. 
The recording medium is a medium onto Which the ?rst and 

second liquids ejected from the ?rst and second liquid ejec 
tion devices are deposited, and examples include continuous 
paper, cut paper, sealing paper, a resin sheet such as a PHP 
sheet, a ?lm, a cloth, and any of various other media With no 
limitation on material or form. 

Preferably, the second liquid contains a diffusion prevent 
ing agent for preventing diffusion and smearing of the ?rst 
liquid. 

According to this aspect of the present invention, an image 
can be ?xed in a state in Which diffusion and smearing of the 
?rst liquid deposited on the recording medium has been pre 
vented. 

Preferably, the ?rst liquid contains the radiation-curable 
polymerizable compound and does not contain the polymer 
ization initiator; and the second liquid contains the polymer 
ization initiator and does not contain the radiation-curable 
polymerizable compound. 

Preferably, the ?rst liquid contains the polymerization ini 
tiator and does not contain the radiation-curable polymeriz 
able compound; and the second liquid contains the radiation 
curable polymerizable compound and does not contain the 
polymerization initiator. 

According to these aspects of the present invention, an 
ejection defect caused by curing of the radiation-curable 
polymerizable compound in the ?rst liquid ejection device or 
the second liquid ejection devices, due to leaked radiation or 
re?ected radiation, can be prevented. 

Preferably, the second liquid contains the radiation-curable 
polymerizable compound and the polymerization initiator. 

According to this aspect of the present invention, even in 
the case Where the second liquid is deposited over a larger 
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area than that over Which the ?rst liquid is deposited so as to 
prevent image disturbance, all of the second liquid can be 
cured. 

Preferably, the second liquid ejection devices are disposed 
betWeen the ?rst liquid ejection device and the ?rst radiation 
irradiating devices. 

According to this aspect of the present invention, the time 
from the second liquidbeing deposited to the ?rst liquidbeing 
deposited can be shortened. In this aspect, a recording 
medium through Which the second liquid can readily perme 
ate, can be suitably used. 

Preferably, the ?rst radiation irradiating devices are dis 
posed betWeen the ?rst liquid ejection device and the second 
liquid ejection devices. 

According to this aspect of the present invention, the dis 
tance betWeen the ?rst liquid ejection device and each of the 
second liquid ejection devices can be adjusted, and hence the 
time from the second liquid being deposited to the ?rst liquid 
being deposited can be controlled. In this aspect, a plurality of 
recording media having different permeabilities, can be suit 
ably used. 

Preferably, the image forming apparatus further comprises 
a second radiation irradiating device Which is disposed after 
the ?rst liquid ejection device in the conveyance direction of 
the recording medium, the second radiation irradiating device 
performing irradiation of a radiation over a length corre 
sponding to a Width of the recording medium. 

According to this aspect of the present invention, the ?rst 
liquid and the second liquid can be reliably cured and ?xed on 
the recording medium. 

Preferably, Wavelength distribution of the radiation by the 
?rst radiation irradiating devices is different from Wavelength 
distribution of the radiation by the second radiation irradiat 
ing device. 

According to this aspect of the present invention, the ?rst 
liquid and the second liquid can be cured e?iciently on the 
recording medium. 

Preferably, a peak Wavelength of the radiation by the ?rst 
radiation irradiating devices is shorter than a peak Wavelength 
of the radiation by the second radiation irradiating device. 

According to this aspect of the present invention, the sur 
face of the ?rst liquid can be instantly cured by the ?rst 
radiation irradiating devices so as to ?x the image, and then 
the interior of the ?rst liquid can be reliably cured by the 
second radiation irradiating device. 

According to the present invention, With respect to each of 
the scanning directions, the second liquid is ejected prior to 
the ?rst liquid, Whereby deposition interference can be pre 
vented, and moreover irradiation of radiation is carried out 
immediately after the ejection of the ?rst liquid, Whereby the 
?rst liquid is cured and ?xed promptly. As a result, a high 
quality image can be obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The nature of this invention, as Well as other objects and 
advantages thereof, are explained in the folloWing With ref 
erence to the accompanying draWings, in Which like reference 
characters designate the same or similar parts throughout the 
?gures and Wherein: 

FIG. 1 is a general schematic draWing of an inkjet record 
ing apparatus according to a ?rst embodiment; 

FIG. 2 is a plan vieW of principal components of the inkjet 
recording apparatus; 

FIG. 3 is a plan vieW shoWing an ejection surface of an 
ejection head; 
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4 
FIG. 4 is a side sectional vieW shoWing part of the ejection 

head; 
FIG. 5 is a principal block diagram shoWing the system 

con?guration of the inkj et recording apparatus; 
FIG. 6 is a front vieW of principal components of the inkjet 

recording apparatus; and 
FIG. 7 is a front vieW of principal components shoWing 

another embodiment of the inkj et recording apparatus. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Con?guration of Inkjet Recording Apparatus 
FIG. 1 is a general schematic draWing of an inkjet record 

ing apparatus according to an embodiment of the present 
invention. The inkjet recording apparatus 10 shoWn in the 
present embodiment is a tWo-liquid type inkj et recording 
apparatus in Which a treatment liquid and a colored ink(s) that 
has been deposited on a recording medium are irradiated With 
ultraviolet radiation (UV) so as to bring about polymeriZa 
tion. 
As shoWn in FIG. 1, the inkjet recording apparatus 10 

comprises: a print unit 12; a liquid storing/loading unit 14 that 
stores inks of various colors (K, C, M, Y) and a treatment 
liquid (S) to be supplied to the print unit 12; a paper supply 
unit 18 that supplies recording paper 16; a discharge unit 19 
that discharges the recording paper after recording (the 
printed article) to the outside; a conveyance unit 20 that is 
disposed facing an ejection surface of the print unit 12 and 
conveys the recording paper 16 While maintaining the ?atness 
of the recording paper 16; and a print determination unit 22 
that reads the results of the printing by the print unit 12. 
The paper supply unit 18 is provided With, for example, a 

paper roll (continuous paper) magaZine. A plurality of maga 
Zines With different paper Widths, paper qualities or the like 
may be provided together. Moreover, instead of a paper roll 
magaZine, or used together thereWith, paper may be supplied 
by a cassette in Which sheets of cut paper are loaded and 
stacked on one another. 

In the case of a con?guration in Which a plurality of types 
of recording paper can be used, it is preferable that an infor 
mation recording medium such as a bar code and a Wireless 
tag containing information about the type of paper is attached 
to the magaZine, and by reading the information contained in 
the information recording medium With a predetermined 
reading device, the type of paper to be used is automatically 
determined, and ink-droplet ejection is controlled so that the 
ink-droplets are ejected in an appropriate manner in accor 
dance With the type of paper. 
The conveyance unit 20 has a structure in Which an endless 

belt 26 is set around rollers 24 and 25, and is con?gured such 
that at least a portion facing the ejection surface of the print 
unit 12 and a sensor surface of the print determination unit 22 
is ?at. 
The belt 26 has a Width that is greater than the Width of the 

recording paper 16, and a large number of suction holes (not 
shoWn) are formed in the belt surface. A suction chamber 28 
is provided in a position facing the ejection surface of the print 
unit 12 and the sensor surface of the print determination unit 
22 on the interior side of the belt 26, Which is set around the 
rollers 24 and 25. A negative pressure is generated by sucking 
out from the suction chamber 28 using a fan (not shoWn), 
Whereby the recording paper 16 is held on the belt 26 by 
suction. PoWer from a motor (not shoWn) is transmitted to at 
least one of the rollers 24 and 25 around Which the belt 26 is 
set, Whereby the belt 26 is driven in a counterclockWise direc 
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tion in FIG. 1, so that the recording paper 16 held on the belt 
26 is conveyed from the right to the left in FIG. 1. 

Since ink adheres to the belt 26 When a marginless print job 
or the like is performed, a belt-cleaning unit 29 is disposed in 
a predetermined position (a suitable position outside the 
printing area) on the exterior side of the belt 26. Although the 
details of the con?guration of the belt-cleaning unit 29 are not 
shoWn, examples thereof include a con?guration in Which the 
belt 26 is nipped With cleaning rollers such as a brush roller 
and a Water absorbent roller, an air bloW con?guration in 
Which clean air is bloWn onto the belt 26, or a combination of 
these. In the case of the con?guration in Which the belt 26 is 
nipped With the cleaning rollers, it is preferable to make the 
line velocity of the cleaning rollers different than that of the 
belt 26 to improve the cleaning effect. 

The inkjet recording apparatus 10 can comprise a roller nip 
conveyance mechanism in Which the recording paper 16 is 
pinched and conveyed With nip rollers, instead of the convey 
ance unit 20. HoWever, there is a possibility in the roller nip 
conveyance mechanism that the print tends to be smeared 
When the printing area is conveyed by the roller nip action 
because the nip roller makes contact With the printed surface 
of the paper immediately after printing. Therefore, the suc 
tion belt conveyance in Which nothing comes into contact 
With the image surface in the printing area is preferable. 

Although the con?guration of the print unit 12 is described 
in detail later, the print unit 12 is con?gured so as to be 
movable to and fro in a paper Width direction of the recording 
paper 16 (the direction (main scanning direction) orthogonal 
to the paper conveyance direction (sub-scanning direction)), 
and includes a plurality of ejection heads that eject respec 
tively the inks of the various colors black (K), cyan (C), 
magenta (M) and yelloW (Y), and the treatment liquid (S), and 
a plurality of light sources for UV (i.e., ultraviolet) irradia 
tion. 

The liquid storing/loading unit 14 has tanks in Which the 
various colored inks (K, C, M, Y) and the treatment liquid (S) 
ejected by the print unit 12 are stored respectively. Each tank 
is communicated to each ejection head of the print unit 12 via 
a pipeline (not shoWn). Moreover, the liquid storing/loading 
unit 14 has a noti?cation device (display device, Warning 
alarm generating device, etc.) that noti?es if the amount 
remaining of a liquid becomes loW, and also has a mechanism 
to prevent the liquids from being confused With one another 
When being loaded. 

The print determination unit 22 is con?gured With a line 
sensor having roWs of photoelectric transducing elements 
With a Width that is greater than the scanning range (image 
recording Width) of the print heads 12. This line sensor has a 
color separation line CCD sensor including a red (R) sensor 
roW composed of photoelectric transducing elements (pixels) 
arranged in a line provided With an R ?lter, a green (G) sensor 
roW With a G ?lter, and a blue (B) sensor roW With a B ?lter. 
Instead of a line sensor, it is possible to use an area sensor 
composed of photoelectric transducing elements Which are 
arranged tWo-dimensionally. The print determination unit 22 
uses the line sensor to read the results of the droplet deposi 
tion by the print unit 12, and evaluates the ejection (deter 
mines Whether or not the ejection has taken place, measures 
the dot siZe, measures the dot landing position, etc.), and thus 
acts as a device for checking for noZZle clogging or other 
ejection defects in the print unit 12. 

Through this con?guration, treatment liquid ejection, ink 
ejection, and UV irradiation are carried out in a predeter 
mined order by the print unit 12 While the recording paper 16 
supplied into the conveyance unit 20 from the paper supply 
unit 18 is conveyed in the paper conveyance direction and 
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6 
While the print unit 12 performs scans to and fro in the paper 
Width direction of the recording paper 16 (the main scanning 
direction), Whereby a desired color image is formed on the 
recording paper 1 6. The recording paper 1 6 is then discharged 
from the discharge unit 19. 
Note that in the present example, a KCMY standard color 

(four-color) con?guration has been described, but With regard 
to the ink colors and the number and combination thereof, 
there is no limitation to the present embodiment. Rather, light 
inks and dark inks may be added as required. For example, a 
con?guration in Which light inks such as light cyan and light 
magenta are ejected is possible. 

FIG. 2 is a plan vieW of principal components of the inkjet 
recording apparatus 10, shoWing a region around the print 
unit 12. The print unit 12 has a con?guration including: ink 
ejection heads 30 (30K, 30C, 30M, 30Y) that eject the inks of 
the various colors, namely, black (K), cyan (C), magenta (M), 
and yelloW (Y); treatment liquid ejection heads 32 (32A, 
32B) that eject the treatment liquid (S); preliminary curing 
light sources 34 (34A, 34B) that irradiate an area of the 
recording paper 16 onto Which the ink ejection heads 30 and 
the treatment liquid ejection heads 32 have deposited droplets 
With UV (ultraviolet radiation), in order to carry out prelimi 
nary curing of the colored inks; a main curing light source 36 
that irradiates the Whole Width of the recording paper 16 With 
UV so as to completely cure the colored inks (?x the colored 
inks to the recording paper 16); and a carriage 38 that is 
con?gured so as to be movable to and fro along a guide rail 40 
that extends in the paper Width direction of the recording 
paper 16 (the direction (main scanning direction) orthogonal 
to the paper conveyance direction (sub-scanning direction)). 
In the following, the ink ejection heads and the treatment 
liquid ejection heads are sometimes referred to merely as 
“ejection heads”. 
The carriage 38 is a frame that holds the ink ejection heads 

30 (30K, 30C, 30M, 30Y), the treatment liquid ejection heads 
32 (32A, 32B), and the preliminary curing light sources 34 
(34A, 34B). 
The ink ejection heads 30 (30K, 30C, 30M, 30Y), the 

treatment liquid ejection heads 32 (32A, 32B), and the pre 
liminary curing light sources 34 (34A, 34B) are mounted on 
the carriage 38 in a state arranged in a predetermined order in 
the main scanning direction. The order of arrangement of 
these components (30, 32, 34) is as folloWs. The ink ejection 
heads 30 (30K, 30C, 30M, 30Y) are disposed in a central 
region of the carriage 38. There are no particular limitations 
on the order of the ink ejection heads 30K, 30C, 30M, and 
30Y. The treatment liquid ejection heads 32 (32A, 32B) are 
disposed on both sides on the outside of the ink ejection heads 
30, respectively. The preliminary curing light sources 34 
(34A, 34B) are disposed on both sides on the outside of the 
treatment liquid ejection heads 32, respectively. The ink ej ec 
tion heads 3 0, treatment liquid ej ection heads 32, and prelimi 
nary curing light sources 34 mounted in this order are inte 
grated With the carriage 38 and thus move (scan) to and fro in 
the main scanning direction in an integrated fashion. 
The ink ejection heads 30 (30K, 30C, 30M, 30Y) and the 

treatment liquid ejection heads 32 (32A, 32B) have the same 
con?guration as one another, each being a short head having 
a large number of noZZles (not shoWn in FIG. 2, shoWn by 
reference numeral 51 in FIG. 3) from Which the correspond 
ing liquid (ink or treatment liquid) is ejected and Which are 
formed in an ejection surface facing the recording paper 16. 
The con?guration of the ink ejection heads 30 and the treat 
ment liquid ejection heads 32 are described in detail later. 

The compositions of the treatment liquid and the inks used 
in the inkjet recording apparatus 10 according to an embodi 
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ment of the present invention are described in detail later. The 
con?guration is such that the treatment liquid contains a 
polymerization initiator, diffusion preventing agent, and oil 
(high-boiling organic solvent), and each of the colored inks 
contains a UV monomer (ultraviolet radiation-curable mono 

mer) and a coloring material (colorant). According to this 
combination of the treatment liquid and the colored inks, 
image degradation due to deposition interference can be 
avoided primarily through the action of the diffusion prevent 
ing agent contained in the treatment liquid. Moreover even in 
the case Where leaked light from the preliminary curing light 
sources 34 or re?ected light from the recording paper 16 
reaches the nozzles of the ink ejection heads 30 and the 
treatment liquid ejection heads 32, polymerization does not 
occur since none of the liquids contains both the polymeriza 
tion initiator and the UV monomer together, Whereby solidi 
?cation of the treatment liquid and the inks in the nozzles of 
each of the heads can be prevented. Moreover, in the case of 
a mode in Which each colored ink contains the polymerization 
initiator, and the treatment liquid contains the UV monomer, 
effects as above can be brought about. 

Note that each colored ink may contain a UV oligomer and 
an ultraviolet radiation-curable polymerizable compound 
such as a mixture of a UV monomer and a UV oligomer, 
instead of, or together With, the UV monomer. 

Moreover, in the case Where the treatment liquid is depos 
ited over a larger area than that over Which the inks are 
deposited so as to prevent image disturbance, if the treatment 
liquid contains the polymerization initiator and the UV 
monomer, then all of the treatment liquid can be cured. 

Although the preliminary curing light sources 34 (34A, 
34B) and the main curing light source 36 are described in 
detail later, the size of the preliminary curing light sources 34 
(34A, 34B) is approximately the same as the size of the ink 
ejection heads 30 in the paper conveyance direction (sub 
scanning direction) and the size of the treatment liquid ej ec 
tion heads 32 in the paper conveyance direction (sub-scan 
ning direction). The preliminary curing light sources 34 
(34A, 34B) irradiate the area of the recording paper 16 onto 
Which the ink ejection heads 30 and the treatment liquid 
ejection heads 32 have ejected droplets With UV so as to carry 
out preliminary curing of the colored inks. On the other hand, 
the main curing light source 36 is con?gured so as to extend 
in the paper Width direction of the recording paper 16 (the 
direction orthogonal to the paper conveyance direction), and 
performs irradiation of UV over the Whole Width of the 
recording paper 16 so as to carry out main curing of the 
colored inks. For example, each of the preliminary curing 
light sources 34 may be constituted from a UV LED element 
or the like, and the main curing light source 36 may be 
constituted from a metal halide lamp or the like. 

Con?guration of Ejection Heads 
Next, the con?guration of the ink ejection heads 30 (30K, 

30C, 30M, 30Y) and the treatment liquid ejection heads 32 
(32A, 32B) is described beloW. The con?guration is common 
to each of the ejection heads 30 and 32, and hence in the 
folloWing reference numeral 50 is used to represent each of 
these ejection heads. 

FIG. 3 is a plan vieW shoWing an ejection surface of the 
ejection head 50. As shoWn in FIG. 3, nozzles 51 from Which 
the ink or treatment liquid is ejected are formed in a (tWo 
dimensional) staggered matrix shape in the ejection surface 
of the ejection head 50. In a projected nozzle roW obtained by 
projecting the nozzles along the sub-scanning direction (pa 
per conveyance direction), the nozzles are arranged at equal 
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8 
intervals With a constant nozzle pitch, Whereby the dot pitch 
is effectively made to be of higher density. 

FIG. 4 is a side sectional vieW shoWing part of the ejection 
head 50. As shoWn in FIG. 4, pressure chambers 52 each of 
Which communicates With one of the nozzles 51 are formed 
inside the ejection head 50. Each pressure chamber 52 com 
municates With a common channel 55 via a supply port 53 
formed in one end of the pres sure chamber 52. The common 
channel 55 has stored therein a predetermined liquid (one of 
the colored inks or the treatment liquid) that is supplied from 
an ink tank (not shoWn) disposed in the liquid storing/ loading 
unit 14 shoWn in FIG. 1. The predetermined liquid is supplied 
from the common channel 55 via the supply port 53 into the 
pressure chamber 52. 
An upper Wall of the pres sure chambers 52 is constituted by 

a diaphragm 56. Piezoelectric elements 58 that are positioned 
in correspondence With the pressure chambers 52 are joined 
to a surface of the diaphragm 56 (on the opposite side to the 
pressure chambers 52). Each piezoelectric element 58 has a 
structure in Which an individual electrode (driving electrode) 
58b is provided on an upper surface of a thin ?lm-shaped 
piezoelectric body 58a. The diaphragm 56 is made of a con 
ductive material, and also acts as a common electrode for the 
plurality of piezoelectric elements 58. 

According to this con?guration, upon a predetermined 
driving voltage (driving signal) being applied to a piezoelec 
tric element 58 from a driving circuit (not shoWn), the dia 
phragm 56 bends toWard the corresponding pres sure chamber 
52 due to displacement of the piezoelectric element 58, 
Whereby the liquid in the pressure chamber 52 is pressurized. 
A liquid droplet is thus ejected from the nozzle 51 commu 
nicated to the pressure chamber 52. After that, upon the appli 
cation of the driving voltage being lifted, the diaphragm 56 
returns to its original state, Whereby the predetermined liquid 
is again supplied into the pressure chamber 52 via the supply 
port 53 from the common channel 55, so as to become ready 
for the next droplet ejection operation. 

FIG. 5 is a principal block diagram shoWing the system 
con?guration of the inkjet recording apparatus 10. The inkjet 
recording apparatus 10 comprises a communications inter 
face 70, a system controller 72, a memory 74, a motor driver 
76, a heater driver 78, a print controller 80, an image buffer 
memory 82, a head driver 84, a light source driver 85, and the 
like. 
The communications interface 70 is an interface unit for 

receiving image data sent from a host computer 86. A serial 
interface such as USB, lEEEl394, Ethernet, Wireless net 
Work, or a parallel interface such as a Centronics interface 
may be used as the communications interface 70. A buffer 
memory (not shoWn) may be mounted in this portion in order 
to increase the communication speed. The image data sent 
from the host computer 86 is received by the inkjet recording 
apparatus 10 through the communications interface 70, and is 
temporarily stored in the memory 74. 
The memory 74 is a storage device for temporarily storing 

images inputted through the communications interface 70, 
and data is Written and read to and from the memory 74 
through the system controller 72. The memory 74 is not 
limited to a memory composed of semiconductor elements, 
and a hard disk drive or another magnetic medium may be 
used. 
The system controller 72 is constituted from a central pro 

cessing unit (CPU), peripheral circuits, and so on, and func 
tions as a controller that carries out overall control of the 
inkjet recording apparatus 10 in accordance With a predeter 
mined program, and also functions as a calculating apparatus 
that carries out various calculations. That is, the system con 
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troller 72 controls the various units such as the communica 
tions interface 70, the memory 74, the motor driver 76, and 
the heater driver 78, and carries out control of communication 
With the host computer 86, control of Writing and reading to 
and from the memory 74, and so on, and also produces control 
signals for controlling a motor 88 such as a conveyance sys 
tem motor, and a heater 89 such as a heater for adjusting the 
temperature of the inkj et recording apparatus 10 (the ejection 
heads etc.). 

The program executed by the CPU of the system controller 
72 and the various types of data Which are required for control 
procedures are stored in the memory 74. The memory 74 may 
be a non-Writeable storage device, or it may be a reWriteable 
storage device, such as an EEPROM. The memory 74 is used 
as a temporary storage region for the image data, and it is also 
used as a program development region and a calculation Work 
region for the CPU. 

The motor driver 76 is a driver (driving circuit) that drives 
the motor 88 in accordance With instructions from the system 
controller 72. The heater driver 78 is a driver that drives the 
heater 89 such as the heater for adjusting the temperature of 
the inkjet recording apparatus 10 (the ejection heads etc.) in 
accordance With instructions from the system controller 72. 

The print controller 80 is a controller that has a signal 
processing function of carrying out various processing, cor 
rections and so on for producing printing controlling signals 
from the image data in the memory 74 in accordance With 
control from the system controller 72, and supplies the print 
ing data (dot data) thus produced to the head driver 84. 
Required signal processing is carried out in the print control 
ler 80, and then control of the ejection amount for the treat 
ment liquid droplets from the treatment liquid ejection heads 
32 (32A, 32B) and the ejection amount and the ejection 
timing for the ink droplets from the ink ejection heads 30 
(30K, 30C, 30M, 30Y) are carried out via the head driver 84 
on the basis of the image data. As a result, a desired dot siZe 
and dot arrangement is realiZed. 

The print controller 80 is provided With the image buffer 
memory 82; and image data, parameters, and other data are 
temporarily stored in the image buffer memory 82 When 
image data is processed in the print controller 80. Also pos 
sible is an aspect in Which the print controller 80 and the 
system controller 72 are integrated to form a single processor. 
The head driver 84 drives the pieZoelectric elements 58 

(see FIG. 4) of the treatment liquid ejection heads 32 and the 
ink ejection heads 30 for the respective colors, on the basis of 
printing data supplied from the print controller 80. The head 
driver 84 may include a feedback control system for keeping 
the head driving conditions constant. 

The light source driver 85 functions as a control block that 
controls poWer-on/poWer-off (the irradiation timing and the 
irradiation duration), the irradiation doses, and so on for the 
preliminary curing light sources 34 (34A, 34B) and the main 
curing light source 36. That is, the light source driver 85 
controls poWer-on/poWer-off for the preliminary curing light 
sources 34 and the main curing light source 36, and also sets 
the irradiation doses for the preliminary curing light sources 
34 and the main curing light source 36, on the basis of control 
signals supplied from the print controller 80. 
The image data to be printed is externally inputted through 

the communications interface 70, and is stored in the memory 
74. In this stage, the RGB image data is stored in the memory 
7 4. 

The image data stored in the memory 74 is sent to the print 
controller 80 via the system controller 72, and is converted 
into dot data for the treatment liquid and dot data for each of 
the colored inks in the print controller 80. That is, the print 
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10 
controller 80 carries out processing of converting the inputted 
RGB image data into dot data for the treatment liquid and the 
four colors KCMY. The dot data produced by the print con 
troller 80 is stored in the image buffer memory 82. 
The head driver 84 produces drive control signals for the 

treatment liquid ejection heads 32 and the ink ejection heads 
30 on the basis of the dot data stored in the image buffer 
memory 82. The drive control signals produced by the head 
driver 84 are applied to the treatment liquid ejection heads 32 
and the ink ejection heads 30, Whereby droplets of the treat 
ment liquid and the colored inks are ejected from the treat 
ment liquid ejection heads 32 and the ink ejection heads 30, 
respectively. The ejection of droplets from the treatment liq 
uid ejection heads 32 and the ink ejection heads 30 is syn 
chroniZed With the speed of conveyance of the recording 
paper 16, Whereby an image is formed on the recording paper 
16. 
The dots of the treatment liquid should contact the colored 

inks corresponding to the treatment liquid dots respectively, 
and hence the dot siZe for the treatment liquid may be made to 
be bigger than the dot siZe for the colored inks, and moreover 
the density (arrangement density) of the treatment liquid dots 
may be made to be loWer than the density (arrangement 
density) of the colored ink dots. 

That is, the dot data for the treatment liquid and the dot data 
for the colored inks may be produced such that the dot data for 
the treatment liquid is different to the dot data for the colored 
inks. 

Various control programs are stored in a program storage 
unit 90 shoWn in FIG. 5. The control programs are read out 
and executed in accordance With instructions from the system 
controller 72. The program storage unit 90 may use a semi 
conductor memory such as a ROM or an EEPROM, or may 
use a magnetic disk or the like. An external interface may be 
provided, and a memory card or a PC card may be used. A 
plurality of these storage media may be provided. Moreover, 
the program storage unit 90 may also be used as a recording 
device (not shoWn) for operational parameters and so on. 

In the present example, the system controller 72, the 
memory 74, the print controller 80 and so on have been shoWn 
as individual functional blocks; hoWever, a con?guration may 
also be adopted in Which these are integrated together to form 
a single processor. Moreover, some of the functions of the 
system controller 72 and some of the functions of the print 
controller 80 may be achieved by a single processor. 

Description of Control System 
FIG. 6 is a front vieW of principal components of the inkjet 

recording apparatus 10, shoWing schematically the print unit 
12 as vieWed from the left side in FIG. 1. While the ink 
ejection heads 30 (3 0K, 30C, 30M, 30Y), the treatment liquid 
ejection heads 32 (32A, 32B), and the preliminary curing 
light sources 34 (34A, 34B), Which are mounted on the car 
riage 38 (shoWn by the broken line in FIG. 6) in the predeter 
mined order in the main scanning direction, scan to and fro in 
the main scanning direction together With the carriage 38, 
predetermined operations are carried out in an order as fol 
loWs in predetermined positions on the recording paper 16. 
Note that “predetermined positions on the recording paper 
16” refers to dot formation positions on the recording paper 
16 Where the ink ejection heads 30 and the treatment liquid 
ejection heads 32 are to deposit droplets on the basis of the dot 
data (printing data) described above. 
When the carriage 38 is moving from the left to the right in 

FIG. 6, the treatment liquid ejection head 32B ejects the 
treatment liquid, and then the ink ejection heads 30Y, 30M, 
30C, and 30K eject the colored inks in predetermined order. 
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In the case Where the amount of the treatment liquid on the 
recording paper 16 is insuf?cient, the treatment liquid ejec 
tion head 32A may then eject the treatment liquid. After that, 
the preliminary curing light source 34A irradiates the treat 
ment liquid and the colored inks on the recording paper 16 
With UV. On the other hand, When the carriage 38 is moving 
from the right to the left in FIG. 6, the treatment liquid 
ejection head 32A ejects the treatment liquid, and then the ink 
ejection heads 30K, 30C, 30M, and 30Y eject the colored inks 
in predetermined order. In the case Where the amount of the 
treatment liquid on the recording paper 16 is insuf?cient, the 
treatment liquid ejection head 32B may then eject the treat 
ment liquid. After that, the preliminary curing light source 
34B irradiates the treatment liquid and the colored inks on the 
recording paper 16 With UV. 

In this Way, regardless of in Which direction the carriage 38 
is moving, the colored inks are ejected from the ink ejection 
heads 30 (30K, 30C, 30M, 30Y) after the treatment liquid has 
been deposited on the recording paper 16 by one of the treat 
ment liquid ejection heads 32 (i.e., the treatment liquid ej ec 
tion head 32A or 32B), Whereby image degradation due to 
deposition interference is prevented. 

Moreover, the treatment liquid and the colored inks on the 
recording paper 16 are irradiated With UV from one of the 
preliminary curing light sources 34 after the colored inks have 
been deposited. Upon the treatment liquid and the colored 
inks being irradiated With UV, radicals are generated from the 
polymerization initiator contained in the treatment liquid, 
polymerization of the UV monomer(s) (ultraviolet radiation 
curable monomer(s)) contained in the colored inks is brought 
about, and thereby the image (dots) formed from the colored 
inks is (are) put into a half-cured state. The “half-cured state” 
here refers to a state in Which the dots formed on the recording 
paper 16 are cured to an extent such that the dots do not move, 
or a state in Which at least the surface of each of the ink 
droplets is cured (i.e., a cured ?lm is formed on the surface of 
each of the ink droplets), so that the curing has taken place to 
an extent that mixing betWeen ink droplets does not occur. 

The recording paper 16 is conveyed in the paper convey 
ance direction, and the half-cured dots thus formed on the 
recording paper 16 are irradiated With UV by the main curing 
light source 36 (see FIG. 2) upon moving substantially 
directly under the main curing light source 36, Which is dis 
posed doWnstream of the carriage 38 (after the carriage 38) in 
the paper conveyance direction (sub-scanning direction). As a 
result, the dots become ?xed on the recording paper 16 in a 
completely cured state, Whereby a good image can be 
obtained. 

In the present embodiment, unlike in another embodiment 
described later (see FIG. 7), the treatment liquid ejection 
heads 32 are disposed betWeen the ink ejection heads 30 and 
one of the preliminary curing light sources 34. In general, the 
light sources are larger in size than the ejection heads, and 
hence by disposing the treatment liquid ejection heads 32 
adjacent to the ink ejection heads 30 as in FIG. 6, the time 
from the treatment liquid being deposited to the inks being 
deposited can be shortened. As a result, in the case Where a 
recording medium having high permeability is used, a phe 
nomenon in Which the treatment liquid permeates through the 
recording medium before the inks are deposited and hence the 
treatment liquid is not effective, can be prevented from occur 
ring. 

Description of Treatment Liquid and Inks (Ink Set) 
A detailed description of the ink set used in the inkjet 

recording apparatus 10 according to an embodiment of the 
present invention is given beloW. 
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12 
In the inkj et recording apparatus 10 shoWn in the present 

embodiment, there is used an ink set constituted from various 
colored inks each containing a polymerizable compound, and 
a coloring material, and a treatment liquid containing a poly 
merization initiator, a diffusion preventing agent, and a high 
boiling solvent. 

Polymerizable Compounds (Radiation-curable Monomers 
and Oligomers) 

“Polymerizable compound” refers to a compound that has 
a capability of undergoing polymerization and hence curing 
through the action of initiating species such as radicals gen 
erated from a polymerization initiator, described beloW. 

Each polymerizable compound is preferably an addition 
polymerization-undergoing compound having at least one 
ethylenic unsaturated double bond therein, and is preferably 
selected from polyfunctional compounds having at least one 
terminal ethylenic unsaturated bond, more preferably at least 
tWo terminal ethylenic unsaturated bonds, therein. The group 
of such compounds is Widely knoWn in the industrial ?eld in 
question, and these compounds can be used With no particular 
limitations thereon. These compounds include, for example, 
ones having chemical forms such as monomers, and prepoly 
mers, i.e. dimers, trimers and other oligomers, and mixtures 
or copolymers thereof. 
The polymerizable compound preferably has a polymeriz 

able group such as an acryloyl group, a methacryloyl group, 
an allyl group, a vinyl group, or an internal double bond group 
(maleic acid etc.) in the molecule thereof. Of these, a com 
pound having an acryloyl group or a methacryloyl group is 
preferable since the curing reaction can be brought about With 
little energy. 

In each liquid, one polymerizable compound only may be 
used, or a plurality of polymerizable compounds may be used 
in combination. 
The polymerizable compound content in the ?rst liquid 

containing colorant is preferably in a range of 50 to 99% by 
mass, more preferably 70 to 99% by mass, yet more prefer 
ably 80 to 99% by mass, of the ?rst liquid. 

Polymerization Initiators (Curing Initiators, Reaction Initia 
tors) 

“Polymerization initiator” refers to a compound that gen 
erates initiating species such as radicals through light, or heat, 
or both of these types of energy, thus initiating and promoting 
the polymerization of the polymerizable compound(s). A 
publicly knoWn thermal polymerization initiator a compound 
having therein a bond With a loW bond dissociation energy, a 
photopolymerization initiator, or the like can be selected and 
used. 

Examples of such radical generating agents include halo 
genated organic compounds, carbonyl compounds, organic 
peroxide compounds, azo type polymerization initiators, 
azide compounds, metallocene compounds, hexaarylbiimi 
dazole compounds, organic borate compounds, disulfonic 
acid compounds, and onium salt compounds. 

In the ink set of an embodiment the present invention, a 
polymerization initiator that cures the polymerizable com 
pound(s) is contained in at least one of the plurality of liquids 
used. 
From the vieWpoint of stability over time, curability and 

curing rate, the polymerization initiator content is preferably 
0.5 to 20% by mass, more preferably 1 to 15% by mass, yet 
more preferably 3 to 10% by mass, relative to all of the 
polymerizable compounds used in the ink set. 
One polymerization initiator may be used, or a plurality of 

polymerization initiators may be used in combination. More 
over, so long as there is no impairment of the effects of the 
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present invention, the polymerization initiator(s) may be used 
together With a publicly knoWn sensitiZer With an object of 
improving the sensitivity. 

Colorants (Coloring Materials) 
There are no particular limitations on the colorants used in 

an embodiment of the present invention. So long as these 
colorants are such that a hue and color density suitable for the 
ink usage can be attained, ones selected as appropriate from 
publicly knoWn Water-soluble dyes, oil-soluble dyes and pig 
ments can be used. Of these, from the vieWpoint of ink droplet 
ejection stability and quick drying ability, the liquids consti 
tuting the inkjet recording inks in the present invention are 
preferably Water-insoluble liquids not containing an aqueous 
solvent. From this vieWpoint, it is preferable to use an oil 
soluble dye or pigment that readily disperses or dissolves 
uniformly in the Water-insoluble liquid. 

There are no particular limitations on oil-soluble dyes that 
can be used in the present invention, With it being possible to 
use one chosen as desired. The dye content in the case of using 
an oil-soluble dye as a colorant is preferably in a range of 0.05 
to 20% by mass, more preferably 0.1 to 15% by mass, par 
ticularly preferably 0.2 to 6% by mass, in terms of solid 
content. 

A mode in Which a pigment is used as a colorant is prefer 
able from the vieWpoint of aggregation readily occurring 
When the plurality of liquids are mixed together. 
As pigments that can be used in the present invention, 

either organic pigments or inorganic pigments can be used. A 
carbon black pigment is preferable as a black pigment. In 
general, a black pigment, and pigments of the three primary 
colors, cyan, magenta and yelloW, are used; hoWever, pig 
ments having other hues, for example red, green, blue, broWn 
or White pigments, pigments having a metallic luster such as 
gold or silver pigments, uncolored or light body pigments, 
and so on may also be used in accordance With the object. 

Moreover, particles obtained by ?xing a dye or a pigment 
to the surface of a core material made of silica, alumina, a 
resin or the like, an insoluble lake pigment obtained from a 
dye, a colored emulsion, a colored latex, or the like may also 
be used as a pigment. 

Furthermore, a resin-coated pigment may also be used. 
Such a resin-coated pigment is knoWn as a “microcapsule 
pigment”, and is commercially available from manufacturers 
such as Dainippon Ink and Chemicals Inc. and Toyo Ink Mfg. 
Co., Ltd. 
From the vieWpoint of the balance betWeen the optical 

density and the storage stability, the volume average particle 
diameter of the pigment particles contained in a liquid in the 
present invention is preferably in a range of 30 to 250 nm, 
more preferably 50 to 200 nm. Here, the volume average 
particle diameter of the pigment particles can be measured, 
for example, using a measuring apparatus such as an LB-500 
(made by HORIBA Ltd.). 
From the vieWpoint of the optical density and the ejection 

stability, the pigment content in the case of using a pigment as 
a colorant is preferably in a range of 0. 1 to 20% by mass, more 
preferably 1 to 10% by mass, in terms of solid content in each 
?rst liquid. 
One colorant only may be used, or a plurality of colorants 

may be used mixed together. Moreover, different colorants, or 
the same colorants, may be used in each of the liquids. 

Diffusion Preventing Agents (Polymers) 
In an embodiment of the present invention, “diffusion pre 

venting agent” refers to a substance contained in the second 
liquid With an object of preventing diffusion and smearing of 
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14 
the colorant-containing ?rst liquids of Which droplets are 
deposited onto the second liquid that has been put onto the 
recording medium. 
As such a diffusion preventing agent, there is contained at 

least one selected from the group of polymers having an 
amino group, polymers having an onium group, polymers 
having a nitrogen-containing hetero ring, and metal com 
pounds. 
One of the above polymers or the like may be used, or a 

plurality may be used in combination. “Plurality” includes 
both, for example, the case of polymers that are polymers 
having an amino group but have different structures to one 
another, and the case of different types such as a polymer 
having an amino group and a polymer having an onium group. 
Moreover, a combination selected from amino groups, onium 
groups, nitrogen-containing hetero rings, and metal com 
pounds may be present together in one molecule. 

FolloWing is a detailed description of these polymers and 
so on. 

Polymers Having an Amino Group 
A homopolymer of an only monomer having an amino 

group, or a copolymer of a monomer of an amino group and 
another monomer may be used as a polymer having an amino 
group. The “monomer having an amino group” content in the 
polymer having an amino group is preferably not less than 10 
mol % but not more than 100 mol %, more preferably not less 
than 20 mol % but not more than 100 mol %. 

Examples of monomers having an amino group include 
N,N-dimethylaminoethyl(meth)acrylate, N,N-diethylamino 
ethyl(meth)acrylate, N,N-dimethylaminopropyl(meth)acry 
late, N,N-diethylaminopropyl(meth)acrylate, N,N-dimethy 
laminoethyl(meth)acrylamide, N,N-diethylaminoethyl 
(meth)acrylamide, N,N-dimethylaminopropyl(meth) 
acrylamide, N,N-diethylaminopropyl(meth)acrylamide, 
diallylamine, N-methyldiallylamine, N-vinylbenZyl-N,N 
dimethylamine, N-vinylbenZyl-N,N-diethylamine, N-vinyl 
benZyl-N-ethyl-N-methylamine, N-vinylbenZyl-N,N-di 
hexylamine, N-vinylbenZyl-N-octadecyl-N-methylamine, 
N-vinylbenZyl-N'-methyl-piperaZine, N-vinylbenZyl-N'-(2 
hydroxyethyl)-piperaZine, N-benZyl-N-methylaminoethyl 
(meth)acrylate, and N,N-dibenZylaminoethyl(meth)acrylate. 
Of these, N,N-dimethylaminoethyl(meth)acrylate, N,N 

diethylaminoethyl(meth)acrylate, N,N-dimethylaminopro 
pyl(meth)acrylate, N,N-diethylaminopropyl(meth)acrylate, 
N,N-dimethylaminoethyl(meth)acrylamide, N,N-diethy 
laminoethyl(meth)acrylamide, N,N-dimethylaminopropyl 
(meth)acrylamide, and N,N-diethylaminopropyl(meth)acry 
lamide are more preferable, With N,N-dimethylaminoethyl 
(meth)acrylate, N,N-diethylaminoethyl(meth)acrylate, and 
N,N-dimethylaminopropyl(meth)acrylamide being particu 
larly preferable. 

Examples of monomers that can be copolymeriZed With 
these monomers include (meth)acrylic acid alkyl esters (e.g. 
(meth)acrylic acid alkyl esters having 1 to 18 carbon atoms in 
the alkyl part thereof such as methyl(meth)acrylate, ethyl 
(meth)acrylate, propyl(meth)acrylate, isopropyl(meth)acry 
late, n-butyl(meth)acrylate, isobutyl(meth)acrylate, t-butyl 
(meth)acrylate, hexyl(meth)acrylate, octyl(meth)acrylate, 
2-ethylhexyl(meth)acrylate, lauryl(meth)acrylate, and 
stearyl(meth)acrylate), (meth)acrylic acid cycloalkyl esters 
(e.g. cyclohexyl(meth)acrylate, etc.), (meth)acrylic acid aryl 
esters (e.g. phenyl(meth)acrylate, etc.), (meth)acrylic acid 
aralkyl esters (e.g. benZyl(meth)acrylate, etc.), substituted 
(meth)acrylic acid alkyl esters (e.g. 2-hydroxyethyl(meth) 
acrylate, etc.), (meth)acrylamides (e.g. (meth)acrylamide, 
dimethyl(meth)acrylamide, etc.), aromatic vinyl compounds 
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(e. g. styrene, vinyltoluene, ot-methylstyrene, etc.), vinyl 
esters (e.g. vinyl acetate, vinyl propionate, vinyl versatate, 
etc.), allyl esters (e.g. allyl acetate, etc.), halogen-containing 
monomers (e.g. vinylidene chloride, vinyl chloride, etc.), 
vinyl cyanides (e.g. (meth)acrylonitrile, etc.), and ole?ns 
(e.g. ethylene, propylene, etc.). 
Of these copolymeriZable monomers, (meth)acrylic acid 

alkyl esters having an alkyl group having 1 to 8 carbon atoms, 
benZyl(meth)acrylate, and styrene are preferable, With ethyl 
(meth)acrylate, propyl(meth)acrylate, n-butyl(meth)acry 
late, n-hexyl(meth)acrylate, and 2-ethylhexyl(meth)acrylate 
being particularly preferable. 

Furthermore, other polymers having an amino group 
include polyallylamine, polyvinylamine, polyethyleneimine, 
polydiallylamine, poly(N-methyldiallylamine), poly(N-eth 
yldiallylamine), and modi?ed compounds thereof (a benZyl 
chloride adduct, a phenyl glycidyl ether adduct, and an acry 
lonitrile adduct of polyallylamine), and polyadducts betWeen 
a diisocyanate (e.g. hexamethylene diisocyanate, isophorone 
diisocyanate, toluene diisocyanate, or xylylene diisocyanate) 
and a diol having a tertiary amino group (eg N-methyldi 
ethanolamine, N-ethyldiethanolamine, or N,N'-3-hydrox 
ypropylpiperaZine). 
Of these, polyallylamine, polyvinylamine, polyethylene 

imine, and modi?ed compounds thereof are preferable, With 
a modi?ed compound of polyallylamine being particularly 
preferable. 

In the present invention, as a polymer having an amino 
group, a polymer having therein a unit represented by the 
folloWing general formula (1) is particularly preferable. 

(GENERAL FORMULA 1) 

In general formula (1 ), R1 1 represents hydrogen or a methyl 
group, Y represents O or NR“, Rl5 represents hydrogen or an 
alkyl group, R12 represents a bivalent connecting group, and 
R13 and R14 each independently represents an alkyl group, an 
aralkyl group, or an aryl group. 

Hydrogen is more preferable as R1 l, O or NH is more 
preferable asY, With O being yet more preferable, and an alkyl 
group or an aralkyl group is more preferable as each of R13 
and R14, With an alkyl group being yet more preferable. 
As the bivalent connecting group represented by R12, an 

alkylene group or an arylene group is preferable, With an 
alkylene group being more preferable. 

Speci?c examples of the bivalent connecting group include 
a methylene group, an ethylene group, a propylene group, a 
trimethylene group, a tetramethylene group, a hexamethylene 
group, an octamethylene group, a phenylene group, and a 
2-hydroxypropylene group. Of these, an ethylene group, a 
propylene group, and a trimethylene group are preferable. 
As an alkyl group represented by R13, R14 or R15, an alkyl 

group having not more than 18 carbon atoms is preferable, 
With an alkyl group having not more than 12 carbon atoms 
being more preferable, and an alkyl group having not more 
than 8 carbon atoms being particularly preferable. The alkyl 
group may be straight chain, or cyclic, and may have substitu 
ents, examples of the sub stituents including a hydroxy group, 
alkoxy groups (e. g. a methoxy group, an ethoxy group, a 
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16 
propoxy group, etc.), aryloxy groups (eg a phenoxy group, 
etc.), amino groups, carbamoyl groups, and halogen atoms. 

Speci?c examples of such (substituted) alkyl groups 
include a methyl group, an ethyl group, an n-propyl group, an 
isopropyl group, an n-butyl group, an isobutyl group, a t-butyl 
group, an n-hexyl group, a cyclohexyl group, a 2-ethylhexyl 
group, an n-octyl group, an n-nonyl group, an n-decyl group, 
an n-dodecyl group, an n-octadecyl group, a hydroxyethyl 
group, a l-hydroxypropyl group, an N,N-dimethylaminoet 
hyl group, a methoxyethyl group, and a chloroethyl group. Of 
these, a methyl group, an ethyl group, an n-propyl group, an 
isopropyl group, an n-butyl group, an isobutyl group, a t-butyl 
group, an n-hexyl group, a cyclohexyl group, a 2-ethylhexyl 
group, an n-octyl group, an n-nonyl group, and an n-decyl 
group are more preferable, With a methyl group, an ethyl 
group, an n-propyl group, an n-butyl group, and an n-hexyl 
group being particularly preferable. 
As an aryl group represented by R13 or R14, an aryl group 

having not more than 18 carbon atoms is preferable, With an 
aryl group having not more than 16 carbon atoms being more 
preferable, and an aryl group having not more than 12 carbon 
atoms being particularly preferable. Moreover, the aryl group 
may have substituents. 

Speci?c examples of such (substituted) aryl groups include 
a phenyl group, alkylphenyl groups (e. g. a methylphenyl 
group, an ethylphenyl group, an n-propylphenyl group, an 
n-butylphenyl group, a cumenyl group, a mesityl group, a 
tolyl group, a xylyl group, etc.), a naphthyl group, a chlo 
rophenyl group, a dichlorophenyl group, a trichlorophenyl 
group, a bromophenyl group, a hydroxyphenyl group, a meth 
oxyphenyl group, an acetoxyphenyl group, and a cyanophe 
nyl group. Of these, a phenyl group and a naphthyl group are 
particularly preferable. 
As an aralkyl group represented by R13 or R14, an aralkyl 

group having not more than 18 carbon atoms is preferable, 
With an aralkyl group having not more than 16 carbon atoms 
being more preferable, and an aralkyl group having not more 
than 12 carbon atoms being particularly preferable. Examples 
of the alkyl part of the aralkyl group are alkyl groups as above, 
and examples of the aryl part of the aralkyl group are aryl 
groups as above. Moreover, the aralkyl group may have sub 
stituents. 

Speci?c examples of such (substituted) aralkyl groups 
include a benZyl group, a phenylethyl group, a vinylbenZyl 
group, a hydroxyphenylmethyl group, a diphenylmethyl 
group, a trityl group, and a styryl group. Of these, a benZyl 
group is particularly preferable. 

Preferable speci?c examples of polymers having units rep 
resented by the general formula (I) are as folloWs. 

Pl-l 

Pl-2 

)40 
CO0 COOW \/\NMe2 
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Preferable polymers having an amino group according to 
the present invention other than polymers having units repre 

35 sented by general formula (1) are as folloWs. 
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A polymer having therein a unit represented by general 
formula (1) can be synthesized using radical (co)polymeriza 

65 tion. As the radical (co)polymerization, for example, a pub 
licly knoWn method such as bulk polymerization, solution 
polymerization, or emulsion polymerization can be used. 



US 7,712,887 B2 
19 

However, there is no limitation to such a method, With it also 
being possible to use another publicly knoWn method. 

The Weight average molecular Weight of a polymer having 
an amino group used in the present invention is preferably in 
a range of 1000 to 50000, particularly preferably 2000 to 
30000. 

It is preferable for such a polymer having an amino group 
to be contained in at least one liquidnot containing a colorant. 
The amount used of the polymer having an amino group in the 
present invention is preferably in a range of l to 90% by mass, 
more preferably 10 to 75% by mass, particularly preferably 
20 to 50% by mass, relative to all of each liquid. If the amount 
used is less than this, then it may not be possible to realiZe the 
effects of the present invention effectively, Whereas if the 
amount used is greater than this, then the viscosity may 
become high, and hence problems With the ink ejectability 
may arise. 

Polymers Having an Onium Group 
A polymer having an onium group may be a homopolymer 

of only a monomer having an onium group, or a copolymer of 
a monomer having an onium group and another monomer. 
The “monomer having an onium group” content in the poly 
mer having an onium group is preferably not less than 10 mol 
%, more preferably not less than 20 mol %. 

Examples of the onium group are an ammonium group, a 
phosphonium group, and a sulfonium group, With an ammo 
nium group being preferable. A polymer having an ammo 
nium group can be obtained as a homopolymer of a monomer 
having a quaternary ammonium salt group, or a copolymer or 
a condensation polymer betWeen a monomer having a qua 
ternary ammonium salt group and another monomer. 

In the present invention, as a polymer having an ammo 
nium group, a polymer having therein at least a unit repre 
sented by the folloWing general formula (2) or (3) is particu 
larly preferable. 

(GENERAL FORMULA 2) 
R 

—(- CH2 — C-)— 
R21 

0 Y—R2“—1|\1+—R22 
R23 

X. 

(GENERAL EoRMULA 3) 

‘f 
—('CH2_C‘)— 

/ 
I R25 

N*— R26 

A27 
X. 

In the formulae, R represents a hydrogen atom or a methyl 
group, and R21 to R23 and R25 to R27 each independently 
represent an alkyl group, an aralkyl group, or an aryl group. 
R24 represents an alkylene group, an aralkylene group, or an 
arylene group. Y represents O or NR‘, and R' represents a 
hydrogen atom or an alkyl group. X- represents a counter 
anion. 
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As an alkyl group represented by one of R21 to R23 and R25 

to R27, an alkyl group having not more than 18 carbon atoms 
is preferable, With an alkyl group having not more than 16 
carbon atoms being more preferable, and an alkyl group hav 
ing not more than 12 carbon atoms being particularly prefer 
able. The alkyl group may be straight chain, or cyclic, and 
may have sub stituents, examples of the sub stituents including 
alkoxy groups, aryloxy groups, halogen atoms, a hydroxyl 
group, carbamoyl groups, and amino groups. 

Speci?c examples of such (substituted) alkyl groups 
include a methyl group, an ethyl group, an n-propyl group, an 
isopropyl group, an n-butyl group, an isobutyl group, a t-butyl 
group, an n-hexyl group, a cyclohexyl group, a 2-ethylhexyl 
group, an n-octyl group, an n-nonyl group, an n-decyl group, 
an n-dodecyl group, an n-octadecyl group, a hydroxyethyl 
group, a l-hydroxypropyl group, an N,N-dimethylaminoet 
hyl group, a methoxyethyl group, and a chloroethyl group. 
Of these alkyl groups, a methyl group, an ethyl group, an 

n-propyl group, an isopropyl group, an n-butyl group, an 
isobutyl group, a t-butyl group, an n-hexyl group, a cyclo 
hexyl group, a 2-ethylhexyl group, an n-octyl group, an 
n-nonyl group, and an n-decyl group are more preferable, 
With a methyl group, an ethyl group, an n-propyl group, an 
n-butyl group, and an n-hexyl group being particularly pref 
erable. 
As an aryl group represented by one of R21 to R23 and R25 

to R27, an aryl group having not more than 18 carbon atoms is 
preferable, With an aryl group having not more than 1 6 carbon 
atoms being more preferable, and an aryl group having not 
more than 12 carbon atoms being particularly preferable. 
Moreover, the aryl group may have sub stituents, examples of 
the substituents including alkyl groups, alkoxy groups, ary 
loxy groups, halogen atoms, a hydroxyl group, carbamoyl 
groups, a cyano group, and amino groups. 

Speci?c examples of such (substituted) aryl groups include 
a phenyl group, alkylphenyl groups (e. g. a methylphenyl 
group, an ethylphenyl group, an n-propylphenyl group, an 
n-butylphenyl group, a cumenyl group, a mesityl group, a 
tolyl group, a xylyl group, etc.), a naphthyl group, a chlo 
rophenyl group, a dichlorophenyl group, a trichlorophenyl 
group, a bromophenyl group, a hydroxyphenyl group, a meth 
oxyphenyl group, an acetoxyphenyl group, and a cyanophe 
nyl group. 
Of these (substituted) aryl groups, a phenyl group and a 

naphthyl group are particularly preferable. 
As an aralkyl group represented by one of R21 to R23 and 

R25 to R27, an aralkyl group having not more than 18 carbon 
atoms is preferable, With an aralkyl group having not more 
than 16 carbon atoms being more preferable, and an aralkyl 
group having not more than 12 carbon atoms being particu 
larly preferable. Examples of the alkyl part of the aralkyl 
group are alkyl groups as above, and examples of the aryl part 
of the aralkyl group are aryl groups as above. The alkyl part 
and/or the aryl part of the aralkyl group may have substitu 
ents, examples of the substituents being as given above for the 
alkyl group and the aryl group. 

Speci?c examples of such (substituted) aralkyl groups 
include a benZyl group, a phenylethyl group, a vinylbenZyl 
group, a hydroxyphenylmethyl group, a diphenylmethyl 
group, a trityl group, and a styryl group. 

Of these (substituted) aralkyl groups, a benZyl group is 
particularly preferable. 

It is particularly preferable for each of R21 to R23 and R25 to 
R27 to be independently an alkyl group or an aralkyl group. Of 
these, a methyl group, an ethyl group, a hexyl group, and a 
benZyl group are particularly preferable. 
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R24 represents a bivalent connecting group, preferably an 
alkylene group, an aralkylene group, or an arylene group. 

An alkylene group represented by R24 preferably has not 
more than 8 carbon atoms, more preferably not more than 6 

carbon atoms, particularly preferably not more than 4 carbon 
atoms. The alkylene group may be straight chain, or cyclic, 
and may have substituents, examples of the substituents 
including alkoxy groups, aryloxy groups, halogen atoms, a 
hydroxyl group, carbamoyl groups, and amino groups. 

Speci?c examples of such (substituted) alkylene groups 
include a methylene group, an ethylene group, a propylene 
group, a trimethylene group, a tetramethylene group, a hex 
amethylene group, an octamethylene group, a 2-hydroxyeth 
ylene group, a 2-hydroxypropylene group, and a 2-methox 
ypropylene group. 
Of these (substituted) alkylene groups, a methylene group, 

an ethylene group, a propylene group, a trimethylene group, 
and a 2-hydroxypropylene group are preferable. 

An arylene group represented by R24 preferably has not 
more than 12 carbon atoms, more preferably not more than 10 

carbon atoms, particularly preferably not more than 8 carbon 
atoms. The arylene group may have substituents, examples of 
the substituents being as given above for the aryl group. 

Speci?c examples of such (substituted) arylene groups 
include a phenylene group, alkylphenylene groups (eg a 
2-ethyl-l,4-phenylene group, a 2-propyl-l,4-phenylene 
group, etc.), a 2-chloro-l ,4-phenylene group, and alkoxyphe 
nylene groups (eg a 2-methoxy-l,4-phenylene group, etc.). 
Of these, a phenylene group is particularly preferable. 
An aralkylene group represented by R24 preferably has not 

more than 12 carbon atoms, more preferably not more than 10 
carbon atoms, particularly preferably not more than 8 carbon 
atoms. Examples of the alkyl part of the aralkylene group are 
alkyl group as above, and examples of the aryl part of the 
aralkylene group are aryl groups as above. The aralkylene 
group may have substituents, examples of the substituents 
being as given above for the alkyl group and the aryl group. 

Speci?c examples of such (substituted) aralkylene groups 
include a xylylene group and a benZylidene group, With a 
benZylidene group being particularly preferable. 

It is particularly preferable for R24 to be alkylene group, 
With an ethylene group or a propylene group being more 
preferable. 
As an alkyl group represented by R', those given above as 

alkyl groups for R21 to R23 and R25 to R27 are preferable. 
Preferable speci?c examples are also as for R21 to R23 and R25 
to R27. 

“iYi” is particularly preferably “40*” or “iNHi”. 

X“ is a counter anion, examples including a halide ion (Cl', 
Br“, I“), a sulfonate ion, alkylsulfonate ions, arylsulfonate 
ions, alkylcarboxylate ions, arylcarboxylate ions, P136‘, and 
B134“. Of these, Cl“, Br“, a toluenesulfonate ion, a methane 
sulfonate ion, P136“, and B134“ are particularly preferable. 

In the case of a polymer having therein a unit represented 
by general formula (2) or (3), the content of the unit repre 
sented by general formula (2) or (3) in the polymer is prefer 
ably in a range of 10 to 100 mol %, more preferably 20 to 100 
mol %. 

Preferable speci?c examples of polymers having units rep 
resented by general formula (2) or (3) are as follows. 
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Examples of polymers having an onium group according to 
the present invention other than polymers having units repre 
sented by general formula (2) or (3) include epichlorohydrin 
dimethylamine addition polymers, and addition polymers 
betWeen a dihalide compound (eg xylylene dichloride, 
xylylene dibromide, 1,6-dibromohexane) and a diamine 
(N,N,N',N'-tetramethylethylenediamine, N,N,N',N'-tetram 
ethylhexamethylenediamine, N,N'-dimethylpiperaZine, dia 
Zobicyclooctane). 
A polymer having an amino group (eg polyallylamine, 

polyvinylamine, polyethyleneimine, polydiallylamine, poly 
(N-methyldiallylamine), poly(N-ethyldiallylamine), a poly 
adduct betWeen a diisocyanate (e.g. hexamethylene diisocy 
anate, isophorone diisocyanate, toluene diisocyanate, 
xylylene diisocyanate) and a diol having a tertiary amino 
group (eg N-methyldiethanolamine, N-ethyldiethanola 
mine, N,N'-3-hydroxypropylpiperaZine), etc.) can also be 
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obtained by adding methyl chloride, ethyl chloride, methyl 
bromide, ethyl bromide, methyl iodide, ethyl iodide, dim 
ethyl sulfate, diethyl sulfate, methyl p-toluenesulfonate, or 
ethyl p-toluenesulfonate. 
Of these, speci?c examples of preferable polymers are as 

folloWs. 

A polymer having a unit represented by general formula (2) 
or (3) can be obtained as a homopolymer of an undermen 
tioned monomer having an ammonium group or a copolymer 
containing such a monomer. 

Examples of the monomer having an ammonium group 
include trimethyl-p-vinylbenZyl ammonium chloride, trim 
ethyl-m-vinylbenZyl ammonium chloride, triethyl-p-vinyl 
benZyl ammonium chloride, triethyl-m-vinylbenZyl ammo 
nium chloride, N,N-dimethyl-N-ethyl-N-p-vinylbenZyl 
ammonium chloride, N,N-diethyl-N-methyl-N-p-vinylben 
Zyl ammonium chloride, N,N-dimethyl-N-n-propyl-N-p-vi 
nylbenZyl ammonium chloride, N,N-dimethyl-N-n-octyl-N 
p-vinylbenZyl ammonium chloride, N,N-dimethyl-N 
benZyl-N-p-vinylbenZyl ammonium chloride, N,N-diethyl 
N-benZyl-N-p-vinylbenZyl ammonium chloride, N,N 
dimethyl-N-(4-methyl)benZyl-N-p-vinylbenZyl ammonium 
chloride, N,N-dimethyl-N-phenyl-N-p-vinylbenZyl ammo 
nium chloride, trimethyl-p -vinylbenZyl ammonium bromide, 
trimethyl-m-vinylbenZyl ammonium bromide, trimethyl-p 
vinylbenZyl ammonium sulfonate, trimethyl-m-vinylbenZyl 
ammonium sulfonate, trimethyl-p-vinylbenZyl ammonium 
acetate, trimethyl-m-vinylbenZyl ammonium acetate, N,N, 
N-triethyl-N-2-(4-vinylphenyl)ethyl ammonium chloride, 
N,N,N-triethyl-N-2-(3-vinylphenyl)ethyl ammonium chlo 
ride, N,N-diethyl-N-methyl-N-2-(4-vinylphenyl)ethyl 
ammonium chloride, N,N-diethyl-N-methyl-N-2-(4-vi 
nylphenyl)ethyl ammonium acetate, trimethyl-2-(methacry 
loyloxy)ethyl ammonium chloride, triethyl-2-(methacryloy 
loxy)ethyl ammonium chloride, trimethyl-2-(acryloyloxy) 


















